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Experiment
n (a) Measurement setup and (b) accelerometer at 3 m from the source.
(a) (b)
n (a) Modulus and (b) coefficient of variation of the transfer function Hˆ(r, ω).
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Seismic refraction
n (a) Free field acceleration a(r, t) due to a Ricker pulse with a characteristic period
of 0.01 s, (b) theoretical P-wave arrival time tT
P
(r) (solid line) compared with the ex-
perimental curve tE
P
(r) (dashed line) and (c) P-wave velocity obtained with seismic
refraction (red) and SCPT (blue).
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SASW test
n (a) Frequency-wavenumber spectrum of the wave field and (b) experimental disper-
sion curve CE
R
(ω) determined from the active SASW test.
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n (a) Modulus of the frequency-wavenumber spectrum a˜(kx, ky , ω) of the ambient
acceleration at 12 frequencies from 0.5 to 6 Hz and (b) experimental dispersion
curve.
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SASW test
n (a) Initial shear wave velocity profile and (b) corresponding theoretical dispersion
curve (solid line) compared with the experimental curve (dashed line).
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n (a) Final shear wave velocity profile and (b) corresponding theoretical dispersion
curve (solid line) compared with the experimental curve (dashed line).
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Resulting profile
n (a) Shear wave velocity, (b) dilatational wave velocity, and (c) material damping ratio
as a function of depth determined by the seismic refraction and SASW tests (red
lines) and the SCPT (blue lines).
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Resulting profile
n (a) Theoretical and (b) experimental frequency-wavenumber spectrum of the wave
field.
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In-situ vibration levels
n Vibration monitoring from 7 until 9 January 2009, using 13 seismic accelerometers
at the soil’s surface.
nearby road
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In-situ vibration levels
n Time history of the (a) horizontal and (b) vertical acceleration in receiver FF04 dur-
ing a period of 3 minutes on 8 January 2009 at 2h59:
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n Time history of the (a) horizontal and (b) vertical acceleration in receiver FF04 dur-
ing a period of 3 minutes on 8 January 2009 at 8h28:
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In-situ vibration levels
n Generic vibration criteria for vibration sensitive equipment (Gordon,1991):
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Criterium curve vRMS Detail size Description of use[µm/s] [µm]
VC-A 50 8 Adequate in most instances for optical microscopes
to 400X, microbalances, optical balances, proximity
and projection aligners, etc.
VC-B 25 3 An appropriate standard for optical microscopes to
1000X, inspection and lithography equipment
(including steppers) to 3 µm line widths.
VC-C 12.5 1 A good standard for most lithography and inspection
equipment to 1 µm detail size.
VC-D 6 0.3 Suitable in most instances for the most demanding
equipment including electron microscopes (TEMs
and SEMs and E-Beam systems, operating to the
limits of their capability.
VC-E 3 0.1 A difficult criterion to achieve in most instances.
Assumed to be adequate for the most demanding of
sensitive systems including long path, laser-based,
small target systems and other systems requiring
extraordinary dynamic stability.
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In-situ vibration levels
n Measured (a) horizontal and (b) vertical one-third octave band RMS spectra in re-
ceiver FF04 of the velocity during a period of 4 seconds on 8 January 2009 at 2h59:
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n Measured (a) horizontal and (b) vertical one-third octave band RMS spectra in re-
ceiver FF04 of the velocity during a period of 4 seconds on 8 January 2009 at 8h29:
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In-situ vibration levels
n Exceedance probability of the vibration criteria for all channels:
Channel Label VC-A VC-B VC-C VC-D VC-E
1 FF01z 0.00000 0.00000 0.00060 0.00213 0.00574
2 FF02z 0.00000 0.00000 0.00009 0.00102 0.00370
3 FF03x 0.00000 0.00000 0.00032 0.00167 0.00412
4 FF03y 0.00000 0.00000 0.00032 0.00153 0.00403
5 FF03z 0.00000 0.00000 0.00028 0.00139 0.00361
6 FF04x 0.00000 0.00000 0.00014 0.00051 0.00222
7 FF04y 0.00000 0.00000 0.00005 0.00042 0.00190
8 FF04z 0.00000 0.00005 0.00056 0.00264 0.00671
9 FF05x 0.00000 0.00000 0.00019 0.00065 0.00194
10 FF05y 0.00000 0.00000 0.00005 0.00051 0.00236
11 FF05z 0.00000 0.00009 0.00056 0.00190 0.00991
12 FF06z 0.00000 0.00056 0.00194 0.00676 0.05231
Foundation design
Introduction
Site
Foundation design
• Initial design
• Alternative designs
Conclusion
BGGG - GBMS Design of a low-vibration foundation – 13/22
Initial foundation design
n Stiff square beam grid with a side lb = 7.2 m.
n Piles with radius Rp = 0.25 m up to a depth of 14 m.
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Initial foundation design
n Real part of the vertical displacement in the layered halfspace (in presence of the
foundation) due to a unit harmonic vertical point load at {x = 30 m, y = 0, z = 0}T
at (a) 10 Hz and (b) 20 Hz:
(a) (b)
n Reference PML calculation:
(a) (b)
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Initial foundation design
n (a) Real and (b) imaginary part of the displacement of the foundation due to a unit
harmonic vertical point load at {x = 30 m, y = 0, z = 0}T at 10 Hz (displacement
scale 1 × 1010):
(a) (b)
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Initial foundation design
n Modulus of the vertical velocity in the points (a) A, (b) B, (c) C, (d) D, and (e) E, and
the incident wave field on the pile heads D and E (dashed line) due to a unit har-
monic vertical point load at {x = 30 m, y = 0, z = 0}T. The results obtained with
the FE-BE method (solid line) and the FE-PML method (crosses) are compared:
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Passage of a truck
n Volvo FE7 Truck at low speed (v = 15 m/s = 54 km/h) on the nearby road assuming
a low unevenness (ISO 8608 class A).
n Time history of the axle load of the (a) front and (b) rear axle during a period of 4 s:
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n Applied at a fixed position on the layered halfspace:
x
y z
v
Axle loads
Foundation design
Introduction
Site
Foundation design
• Initial design
• Alternative designs
Conclusion
BGGG - GBMS Design of a low-vibration foundation – 18/22
Initial foundation design
n One-third octave band RMS vertical velocity during the passage of the truck in the
points (a) A, (b) B, (c) C, (d) D, and (e) E, and the incident wave field on the pile
heads D and E (dashed line):
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Alternative foundation designs
Case 1 Case 2 Case 3
n Case 1 – original design, pile radius 0.25 m.
n Case 2 – pile radius 0.40 m.
n Case 3 – pile radius 0.50 m.
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Alternative foundation designs
n Modulus of the vertical velocity in the points (a) A, (b) B, (c) C, (d) D, and (e) E. The
results for case 1 (black line), case 2 (blue line) and case 3 (red line) are compared.
The incident wave field on the pile heads is plotted with dashed lines:
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Alternative foundation designs
n One-third octave band RMS vertical velocity during the passage of the truck in the
points (a) A, (b) B, (c) C, (d) D, and (e) E. The results for case 1 (black line), case 2
(blue line) and case 3 (red line) are compared. The incident wave field on the pile
heads is plotted with dashed lines:
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Conclusion
n Numerical predictions assume that the road surface on the nearby road is in very
good condition and that the road unevenness is very low.
n During the considered passage of the truck at a speed of 54 km/h, the free field
vibrations, as well as the structural vibrations on the foundation with the largest
diameter piles (case 3), only meet the VC-C criterion.
n This result should be interpreted statistically (as has also been done for the in situ
measurements), taking into account the expected amount of traffic on the nearby
road. Low vibration levels that meet the VC-E criterion are expected during the
largest part of day and night.
n Results only hold if the road pavement on the nearby road is refurbished as to meet
ISO 8606 class A or below and if a road maintenance programme is imposed as to
guarantee this quality in time. Speed reduction should be imposed on the road (30
km/h), using cameras instead of speed reducing infrastructure (as traffic bumps).
